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Abstract
In this article we study the problem of reading difficulties in children. We analyze the results of a research, which was aimed
at creating a program for optimizing the functioning of visual mechanisms and determining the possibility of improving 
reading capabilities in children with reading difficulties. A special program of correctional sessions was elaborated on the 
basis of informational-communicational software, which allows to affect visual mechanisms differentially. Practical
implementation of this program in experiments proved the effectiveness of given approaches in organizing correctional 
sessions aimed at overcoming reading difficulties and their prevention in children.
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1. Introduction
Statistics show that in Russia 10-25% of all children have reading difficulties during their first years at school
[1]. In scientific literature reading disorder is termed “dyslexia”. Researches in this area are aimed at studying the
reasons and mechanisms of reading difficulties; psycho-physiological and neuro-psychological peculiarities of 
perceptive, sensory and motor, mnestic processes in children with reading difficulties; designing approaches to 
the organization of correctional sessions for children. (M.M. Bezrukikh [1], E.D. Dmitrova et al. [2], O.B.
Inshakova [3], A.N. Kornev [4], N.K. Korsakova et al. [5], M.N. Rusetskaya [6], A. Facoetti et al. [7]). The
researchers concluded that in most cases the etiology of reading disorder has many reasons. In this connection at
the beginner level the main reasons for reading disorder are immaturity of brain regulatory systems, unformed 
speech and cognitive functions.  
B.J.W. Evans et al. [8], A.J. Sperling et al. [9], M. MacKeben et al. [10], T.A. Visser et al. [11], Z. Kapoula et
al. [12], C. Prado et al. [13], C. Palomo-‘Alvarez, M.C. Puell [14] point out that there is a link between dyslexia
and the deficit of visual sphere and the peculiarities of particular visual mechanisms formation. The data
highlights the issues of creating the correctional programs for affecting various reading mechanisms in order to 
optimize them and overcome difficulties. 
Our study was aimed at possible implementations of informational-communicational software in children’s 
reading difficulties correction. The main purpose was to create a program for the optimization of the visual 
mechanisms functioning in children and to explore the possibility of improving reading characteristics. Our
primary hypothesis was that the successful correction of reading difficulties is dependent on differential influence
on the following visual mechanisms: binocular stereopsis, binocular integration, motor and sensory fusional 
reserves. 
2. Method
The research was carried out in one of the secondary schools in Cheboksary. The research participants were
the second-grade students (an average age was 8 years 4 months). The sample consisted of 120 children. We
used the following methods: 1) the analysis of anamnestic data; 2) speech-therapy test; 3) reading skills
assessment (A.N. Kornev) [4]: we measured reading rate (the number of words per 1 minute), reading style 
(letter-by-letter, syllable-by-syllable, whole words), reading accuracy (mistakes and its number per 100 words).
Those children with low visual and auditory acuity and speech disorder were not tested.
In terms of reading characteristics the sample was divided into 2 groups: the experimental group – children 
with reading difficulties (n=22, 12 boys, 10 girls); the control group – children with high and medium reading 
level (n=24, 14 boys, 10 girls). Both groups were equaled in terms of age.
In both groups we assessed visual functions: fusional reserves, the rate of binocular integration and stereo 
acuity. Fusional reserves were measured by a computer program “Furor”, where random-dot stereo pictures acted 
as visual stimuli, which allowed us to control the moment of fusional breakdown during gradual artificial 
changing of vergence to a critical level (Rozhkova G.I., Vasilyeva N.N.) [15]. The rate of binocular integration 
was measured by a computer program “Expo”, which provided fragmentary pictures of letters during dichoptic 
stimulation (Rozhkova G.I. et al.) [16]. For the quantitative assessment of stereo acuity we measured stereovision
thresholds by means of a computer program “Stereopsis” (Belozerov A.E.) [17].
3. Results and discussion
3.1. Children’s characteristics
Statistically significant differences were found between two groups (ɪ<0,05, Student’s t-test) in each reading 
characteristic: reading rate (ɪ<0,0001), reading accuracy (ɪ<0,002) and reading style (ɪ<0,0004). Children from
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the experimental group read less than 50 words in one minute. 27 % of these children had a very low reading rate
(15-27 words); 36%, having a low rate, made quite a few mistakes (more than 12). 63% of children of this group 
read the text syllable by syllable and no one read it in whole words. Children from the control group read more
than 50 words in one minute. 37,5% of children read from 54 to 70 words; 33,3% – from 70 to 100 words; 29,2%
– more than 100 words. 87,5% of children read the text in whole words. 
The assessment of visual functions revealed statistically significant differences between groups (ɪ<0,05,
Mann-Whitney U test). In the experimental group those parameters of convergent fusional reserves, rate of
binocular integration and stereo acuity were naturally low than in the control group (Fig. 1).
                              the control group                                                                                          the experimental group
           
Fig. 1. Parameters of reading and binocular vision functions in groups
RR – reading rate, RA – reading accuracy, CFR – convergent fusional reserves, DFR – divergent fusional reserves, BI – binocular integration 
in exposition time 50-400 milliseconds,  SA – stereo acuity for spatial frequency 0,4-4,0 cpd
Low fusional reserves and stereo acuity may cause difficulties in letter and word fixation, combining syllables 
to make words and words – to make sentences. Slow binocular integration may decrease reading rate and make 
the accurate perception of letters and words even more problematic in the moment of fixation. 
3.2. Characteristics of the correctional program and the results of the training
A correctional program was created to work with those children who have reading difficulties. When
designing the program we relied on the fact that there are many parallel canals of the information processing in 
the visual system. In this regard the key point was the differential influence on basic visual mechanisms 
participating in reading: binocular stereopsis, binocular integration, motor and sensor fusional mechanisms. As
the main correctional means we chose interactive computer programs “Furor”, “Expo” and “Chibis”, which were 
created at the Institute for Information Transmission Problems of the Russian Academy of Sciences, Moscow. 
These programs allowed us to affect visual mechanisms selectively, regulate the parameters of procedures 
individually according to the child’s characteristics, and implement “from the simple to the complex” principle.
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The program “Furor” was used to develop and strengthen motor and sensor mechanisms through child’s 
efforts to fix a binocular image in the context of growing mismatch between accommodation and vergence. The
child’s objective was to fix a seen image.
The program “Expo” was aimed at developing and strengthening mechanisms of binocular integration. The
child was to form a complete image of an object on the basis of two fragmentary pictures in the right and left 
eyes. 
The program “Chibis” was created to develop and strengthen mechanisms of binocular stereopsis. Its effect is
based on the stimulation of coordinate activity of the right and the left optic canals owing to the use of random-
dot stereograms, which can be successfully perceived only when both eyes work coordinately. The child’s task 
consisted in recognizing stereo-objects. 
These computer programs were installed on the laptop ASUS with display size 210ɯ330 mm. The furniture
and the lighting level met the necessary requirements. The sessions were held individually for 15-20 minutes 5 
times a week. On the whole 15 training sessions were organized. 
Repeated diagnostics showed a positive effect of our correctional program (Fig. 2). In the experimental group
the tempo of convergent fusional reserves’ increase amounted to 40%;  stereoacuity increased by 1,6 times, and 
the rate of binocular integration increased by 3 times as compared to the initial level (ɪ<0,05, Mann-Whitney U
test).
Fig. 2. Reading and binocular vision functions before and after correction
RR – reading rate, RA – reading accuracy, CFR – convergent fusional reserves, DFR – divergent fusional reserves, BI – binocular integration 
in exposition time 50-200 milliseconds,  SA – stereo acuity for spatial frequency 0,5-2,0 cpd
When comparing reading characteristics between the two groups, it was found that during the experiment they 
increased in both groups. This reflects the overall positive impact of the educational process on the formation of 
school skills. However, the rate of increase in reading speed in the group of children who participated in the 
correctional program, surpassed this figure in the control group, by 36, 8% (p<0,05, Mann-Whitney U test).
4. Conclusion
Within our research we tried to create a correctional program for resolving reading difficulties in children with
the implementation of informational-communicational technologies. Proposed correctional sessions appeared to
be effective in relation to the development and strengthening of visual mechanisms, which form the basis of 
reading; as well as in relation to the reading process. Computer exercises regulated children’s actions, 
disciplined them and stimulated them to optimize visual orientally-seeking activity. In the case of working with
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children it is most significant that interactive computer programs allowed us to turn the correctional process into 
a game. 
The obtained results revealed the positive effect of the proposed sessions on developing and strengthening 
visual mechanisms and their indirect influence on the reading skill formation. 
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